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Claims: 



1. A method of representing a three dimensional tooth object for use in determine an 
orthodontic setup of the teeth, comprising: 

displaying data of a three-dimensional object for lower molars; 
selecting groove and cusp points firom the displayed object; and 

defining firom the selected groove and cusp points line segments representative of the orientation of 
the tooth object 



10 



2« The method of claim 1 wherein: 
the selecting includes selecting a distal-lingual groove point (DLG.Pt), a distal-lingual cusp point 

■ 

(DLCPt), a mesial-lingual cusp point (MLC.Pt), a facial cusp point (FCPt), and a mesial-facial 
cusp point (MFC.Pt) firom the displayed object; and 
the defining includes defining firom points DLCPt and MLCPt a labial cusp line segment (LC.Li), 



segment 



MFC.Pt a line segment Stolar.Li. 



15 3. The method of claim 1 fiirther comprising calculating the occlusion of upper molars based 

on the defined line segments. 

4. The method of claim 1 further comprising: 
defining an occlusal table line segment (OT.Li) perpendicular to LCXi, coincident with the buccal 
groove, and connecting FCLi to LC.Li, representing a mid-developmental lobe plane (MDL.Pl). 

20 5. The method of claim 4 fiirther comprising: 

defining the initial nciesial-distal positioning of an appliance on the tooth in relation to the mid- 
developmental lobe plane (MDL.Pl). 



6, The method of claim 1 wherein: 
the selecting includes: 

25 selecting a mesial-lingual cusp point (MLCPt), a distal-lingual cusp point (DLCPt), a mesial 

facial cusp point (MFCPt), and a distal-facial cusp point (DFCPt), and 
selecting mesial and distal marginal ridges as points MMR.Pt and DMR.Pt, respectively; and 
the defining includes: 

defining firom points MLCPt and DLCPt a labial cusp line segment (LC.Li), firom points MFCPt 
30 and DFCPt a fecial cusp line segment (FCLi), 

defining a marginal ridge line segment (MR.Li) as that through points MMR.Pt and DMR.Pt, and 
defining firom points MMR.Pt and DLCPt a line segment Stolar.Li. 
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8. The method of claim ? further con^rising: 
selecting points MFC.Pt and MLC.Pt to define mesial cusp line segment (MCLi); 
defining occlusal table line segment (OT.Li) to be parallel to line MCLi, coincident with the buccal 



groove, and connecting FCLi to LCLi; and 
defining with line OT.Li the mid-developmental lobe plane (MDL.P1). 

9. The method of claim 8 further comprising defining the initial mesial-distal positioning of 
an appliance on the tooth in relation to the mid-developm^tal lobe plane (MDL.Pl). 

10. A method of forming a digital image of a tooth conq^rising: 

forming a 3-D tooth object of tlie crown of a tooth by scanning the tooth or a model thereof; and 
adding tooth root data to the tooth object from a separate file or object that contains three dimensional 



11. The method of claim 10 wherein the tooth root data is produced by scans of the patient's 
individual anatomy. 

12. The method of claim 10 wherein the teeth root data is retrieved from library files or records 
that contain three-dimensional shape data of anatomically representative tooth roots. 

* 

13. The method of any of claims 10-12 further comprising: 
modifying the tooth root data from information from the tooth crown scans. 



joining the crown and root data to form complete tooth objects by aligning the crown long axis and 
the root long axis from the respective data. 

1 5. The method of claim 14 further comprising: 

setting the alignment to a selected or calculated relative torque angle. 

16. The method of any of claims 10-15 further cotnprising: 

using root image data that represent the tooth root at less than fiill scale relative to that of the crown; 
incrementally increasing in size the tooth root data imtil any part of the root touches a corresponding 
point in the crowi^ 



data of one or more individual tooth roots. 



14. The method of any of claims 10-13 further comprising: 
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when this contact occurs, fixing the expansion of the root at the contact point and proportionately 
scaling the rate of expansion from the contact point until the root has been expanded and tiie rims 
of the crown and root fully coincide. 



17. The method of calculating an orthodontic setup of a patient's teeth including calculating the 
rotation of individual teeth to produce an occlusion. 



18. The method of calculating an orthodontic setup of a patient's teeth including calculating a 
syumietrical arch by superin:Q)osing images of contralateral teeth in MDL.Pl cross-sectional views with 
their PAW.Pts coincident and rotating images of the teeth about the PAW.Pt until predetermined occlusal 
angles of the teeth are at an average value. 



10 19. The method of claim 18 further con^rising extruding or intruding the teeth in a direction 

normal to the occlusal plane until the buccal cusp points of the teeth are coincident with the occlusal plane. 



20. The method of claim 1 9 further comprising defining the horizontal distance firom the buccal 
cusp point (BC.Pt) to PAW.Pt as the prominence line (PR.Li), and establishing said line to an average value 
by adjusting the BC.Pts. 



15 21. The method of calculating an orthodontic setup of a patient's teeth including calculating a 

' s>rametrical arch comprising fixing FIE.Pty of the lower incisors to align the lower incisal edges to a best 
fit buccal cusp curve to enable placement of upper incisors, setting the BC.Pt of teeth lower incisors to an 
average value from FEE.Pt along MDL.Pl, finding the intersection of MDL.P1 and midline from the 
mandibular trough for lower central incisors and calculating the line segment distance from BC.Pt along 

20 MDL.P1 to intersection for both teeth. 



22. The method of claim 21 further comprising calculating from the intersections, a respective 
distance equal to said line segments facially along midhne, averaging points at the measured distances on 
midline to define thereby the origin of an anterior bezier handle, and defming the mesial facial cusps of 
lower molars as posterior bezier handles. 



25 23. A method of determining a dental arch for arrangement of a patient's teeth comprising: 

displaying dental anatomy of a patient on a display for adjustment by an operator; and 
representing a dental arch on the display with a be2der curve having anterior bezier and posterior bezier 
handles by which the operator can alter the shape of the arch on the display. 



24. The method of claim 22 or claim 23 further comprising moving the handles by an operator 
30 to adjust the curve and setting the curve as a default best fit buccal cusp curve. 
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25. A method of calculating an orthodontic setup of teeth conq>hsing: 
providing an operator witii an internee on which to select teeth for extraction; 

calculating the setup eliminating therefrom the teeth selected by an operator on the interface for 
extraction. 

I 

26. The mediod of claim 25 further corq>rising: 

providing an operator with the option of selecting teeth on different arches or different sides of 
an arch differently; 

calculating the setup separately for each arch or side of an arch to provide for asymmetric 
extraction. 



27. A method of providing a custom orthodontic appliance for treatment of a patient, the method 
comprising: 

maintaining a database, accessible by a con:^)uter, and containing data related to each of a plurality of 

orthodontic practitioners; 
storing in the database, information identifying the practitioners and information relating to treatment 

plan options preferred by the respective practitioners; 
receiving information from an orthodontic practitioner of the plurality for providing a custom 

orthodontic appliance for a patient; 
in response to the information from the practitioner, determining parameters for the configuration of 

a custom orthodontic appliance for the patient based at least in part on the stored options preferred 

by the orthodontic practitioner; and 

providing an orthodontic appliance design for the patient having a configuration that includes the 
detemiined parameters. 



28. The method of claim 27 further comprising: 
receiving information from the orthodontic practitioner of a treatment plan option for treatment of the 
patient; and 

determining at least one of the parameters based at least in part on the information of the treatment 
plan option received fr om the orthodontic practitioner. 



29. The method of claim 27 fturttier comprising: 
receiving information from the orthodontic practitioner of a treatment plan option for treatment of the 
patient; and 

determining parameters addressed by the information of the treatment plan option received from the 
orthodontic practitioner in accordance with that information and determining parameters not so 
addressed in accordance with information stored in the database. 
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30. A method of detennimng an arrangement of the teeth of a patient to achieve by orthodontic 
treatment, comprising: ' 

scamiing shapes of the patient's teeth to generate one or more data files thereof; 
deriving an arrangement of tiie patient's teeth from the data with the aid of a conputer; 
taking steps to reduce the amount of the data prior to deriving the arrangement 



ilDr 



31. The method of claim 30 wherein: 
said steps include pruning the files to imnimiz^ uimecessary information the deriving of the 
arrangement. 



32. The method of claim 30 wherein: 

10 the scanning includes scanning a model or inpression of the teeth; 

said steps include manicuring or trimming die model or impression before scanning. 

33. A method of further con^rising; 

scanning shapes of a plurahty of teeth of a patient and generating data of the plurality; then 
processing the generated data automatically using feature recognition software to isolate tooth objects; 
15 then 

displaying the automatically processed generated data to an operator to resolve ambiguities or errors 
or to verify the isolated objects. 



34. The method of claim 33 further comprising: 
manipulating the displayed data to repair the isolated objects to remove artifacts: 

20 35. The. method of claim 34 wherein: 

the manipulating includes modifying tooth crown shapes in the data to eliminate interferences. 

36. The method of claim 34 wherein: 

the manipulating is performed on a computer display by an operator with the aid of software tools. 

37. The method of claim 34 wherein: 

25 the manipulating includes selecting, then elevating, lowering or smoothing areas that could cause poor 

jig adaptation. 

38. The method of claim 33 further comprising: 
tliinning data of unnecessary resolution. 



30 



39. A method of determining an orthodontic setup of the teeth, comprising: 
defining a mandibular computer model of an arrangement of a patient's mandibular teeth on a 
computer; and 
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defining a plane of occlusion from the mandibular conq)Uter model by identifying three points on 



4j 



different ones of the teeth on the model. 



40. The method of claim 39 wherein: 
the three points include the mesial buccal cusps of Ihe first mandibular molars and the incisal tip of 
5 one of the mandibular centrals. 



41. A method of determining an arch shaped arrangement for an orthodontic setup of the teeth, 
conq)nsing: 

generating on a computer a mandibular model of the patient's teeth that includes gingival or jaw shape 
data; 

10 generating a section through the model through the gingiva or jaw; and 

selecting points defining facial and lingual boimdaries and defining thereby a mandibular trough of 
the patient. 



42. The method of claim 41 further comprising: 
1 5 displaying the mandibular trough on a computer display; 

calculating a smooUi symmetrical bezier curve through the trough between corresponding labial and 
lingual points; 

the curve having handles at the midline and at the distal ends thereof to allow an operator to modify 
the shape of the bezier curve. 



20 43. A method of determining an orthodontic setup of the teeth, comprising: 

producing data representing each of a plurality of a patient's teeth; 
defming for each tooth a mid-developmental lobe plane. 



44. The method of claim 43 wherein the defining includes: 

defining for the tooth, a mid-developmental lobe axis (MDL.Ax) by selection of its extents incisally 
25 (IMDL.Pt) and gingivally (GMDL.Pt); 

defining through MDL.Ax and perpendicular to a mesial-distal axis of the tooth, a mid developmental 
lobe plane. 

45. The method of claim 41 fiirther comprising: 

define a crown long axis for the tootli in the mid developmental lobe plane. 



30 46. A method of representing a three dimensional tooth object for use in determine an orthodontic 

« 

setup of the teeth, comprising: 

arranging tooth objects at angles of the teeth for each tooth in their own .AT^ coordinate systems, in 
which Z is perpendicular to an occlusal plane and ^ is a mesial-distal axis for the tooth; 
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wherein tooth torque angle is set in a plane perpendicular to the AT axis, tip angle is set as the angle 
of the plane relative to the X axis. 




47- The method of claim 46 further conq)rising: 

defining a set-up by arranging &e coordinate systems of the teeth. 

5 48. The method of claim 46 iurther comprising: 

defining a set-up by arranging the coordinate systems of die teeth with die coordinate systems 
rotated relative to each other to a value determinative of tooth rotation. 



